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PURPOSE: To enable a work to be controlled in temperature and temperature 
distribution by a method wherein a stage having such a structure that a gap 
between a wafer and the stage is irregular is used, mixed gas is introduced 
into the gap, and the gas is changed in a mixing ratio. 

CONSTITUTION: A stage 3 electrostatically attracts a semiconductor wafer 4. 
The upside of the stage 3 is possessed of grooves 7 and a step. One of the 
grooves 7 is cut in the shape of a circle along the periphery of the stage 3, 
and the other groove 7 cut in the radial direction of the stage 3 communicates 
with the center stepped part. When He and Ar are introduced between the wafer 
4 and the stage 3 as the wafer 4 is uniformly heated with plasma 13, the wafer 
4 grows different in temperature distribution with a change in a mixing ratio 
between He and Ar. By this setup, a work can be uniformly heated up or cooled 
down, so that a semiconductor finer in size and higher in performance can be 
manufactured in a semiconductor process. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[^dustrial Application] this invention relates to the vacuum processor which can control temperature distribution in the 
temperature row of a processed material, and relates to a vacuum processor useful although [ of the wafer in a process ] a 
temperature control is carried out in semiconductor fabrication machines and equipment especially. 
[0002] 

[Description of the Prior Art] In recent years, as for the semiconductor device, detailed-izing and integration are progressing 
increasingly. In order to realize a more precise semiconductor device, it is required to set up various conditions which influence a 
process. Especially the temperature of the wafer in a process is one of the most important parameters, the wafer temperature 
distribution in a process are equalized and it is required that wafer temperature should be controlled. 

[0003] A microwave plasma etching system is shown in drawing 9 as an example of representation of semiconductor fabrication 
machines and equipment. A microwave plasma etching system is equipment which excites plasma by the microwave generated m 
the magnetron, and etches according to the physics to the wafer of plasma, and chemical action. In such a plasma etching system, 
during processing, a wafer needs to cool a wafer, in order to maintain the temperature of a wafer at desired temperature, since it 
is heated by plasma The first conventional technology for cooling a wafer has a method of processing by carrying out 
electrostatic adsorption of the wafer on the cooled stage like the publication to JP,56-53853,B and JP,57-44747,B. Moreover, the 
second conventional technology is in JP,2-27778,B and the state which held the wafer mechanically by the clamp etc. on the 
stage like the publication to JP,2-30128,A, introduces the gas for promoting cooling between a wafer and a stage, and has a 
method of aiming at cooling of a wafer. Furthermore, as third conventional technology, like JP,58-32410,A and JP,60-1 15226,A, 
where electrostatic adsorption of the wafer is carried out, gas is introduced between a wafer and a stage and there is a method of 
airning at cooling of a wafer. 

[0004] In these methods, the temperature of a wafer is decided by the coefficient of overall heat transmission between the heat 
input and stage from plasma, and a wafer. With the first conventional technology, since this coefficient of overall heat 
transmission is not enough, there is a problem that a wafer cannot fully be cooled, with the second and third conventional 
technology, the gas pressure between a stage and a wafer becomes low near the periphery of a wafer, and even if the heat input 
from plasma is uniform in the field of a wafer, there is a problem that temperature distribution to which a periphery becomes 
high arise in a wafer Moreover, when neither of the cases has the uniform heat input from plasma, the temperature distribution 
according to it arise. 

[0005] ■ u 

[Problem(s) to be Solved by the Invention] The purpose of this invention controls temperature distribution in the temperature 
row of a processed material, and is to equalize temperature distribution. 

[0006] J . . . 

[Means for Solving the Problem] The above-mentioned technical problem is attained by controlling temperature distribution m 
the temperature row of a processed material by introducing mixed gas into the crevice and changing the mixing ratio of gas using 
the stage of structure which is not uniform 

[0007] Or the contact surface or space between a processed material and a stage is divided into two or more fields, and it is 
attained by controlling the pressure of the gas of each field separately. 

[0008] ..... u v A 

[Function] The temperature and temperature distribution of a wafer are controlled and temperature distribution can be equalized. 

[0009] - 
[Example] One example of this invention is shown in drawing 1 . drawing -- setting - 1 -- a vacuum chamber and 2 a vacuum 
pump and 3 -- a semiconductor wafer and 4 a stage and 5 « an electrostatic adsorption side and 6 » a wafer - pushing up -- a 
mechanism and 7 - for a condensator and 10, as for helium gas and 12, Ar gas and 1 1 are [ a slot and 8 / a gas feed system and 9 
/ the mixer of gas and 13 ] plasma The stage of 4 carries out electrostatic adsorption of the semiconductor wafer. Moreover, the 
upper surface of a stage has a level difference in a slot row. As shown in drawing 2 , a slot 7 meets the periphery of a stage, and 
it has trenched circularly, and it is connected with the central level difference section in the slot radial [ of a stage ] was trenched. 
When the pressure of the gas near the center between a wafer and a stage is set to lOT orr(s) and the pressure in a chamber is set 
tn SmWsl the distribution o f the gas pressure between a wafer and a stage becomes like the graph of drawing 3 .jgjjie_ 
outermost periphery, gas pressure becomes equal to the pressure of a vacuum chamber. If the mixed gas of helium and Ar is 



iof3 



1/12/03 3:33 PM 



http*V/www4 .ipdl.jpo.go.jp/cgi-bin/lran_web_cgi_eiie 



induced between a wafer and a stage when a wafer is uniformly heated by plasma, it will become the temperature distribution 

Las « abouVnunier Torr, and when a flow rate is not not much large, most of the heat transfer between a wafer and a stage is 

heat conductiT^en the wafer and the stage have countered, it can be considered that heat conduction in the meantime is heat 

SSSSXS^iSw flat surfaces. Coefficient of overall heat transmission Cg by heat conduction of the gas between 2 

Tallel flat surfaces A gas pressure dependency changes with relation between the mean free pa* tau of a gas molecule, and the 

^S^SS^d bLL flat surfLs. The* gas molecule which hit the wafer in d«tau reaches an 

molecmes after getting the heat of a wafer. Therefore, a coefficient of overall heat transmission becomes so large that there are 

many 7s Molecules, Id is proportional to gas Coefficient of overall heat transmission Cg at this time It is proportional to a 

pressure p and is given by several 1 . 

[0011] 

[Equation 1] 

m^fSr^^i/rtotal 'accommodation factor for the second parallel page, and lambda is free-molecule thermal 
condS next, coefficient of overall heat transmission Cg according to gas the case (heat conduction as a continuum of 
dt"e mermal conductivity of gas - lambdag ** - it carries out and is given by the following formula Since it is not 
dependent on a pressure, the thermal conductivity of gas is Cg. It stops being dependent on a pressure. 
[0012] 
[Equation 2] 

AboSSto and A^Aey are d= 10 micrometers of crevices, and 0.5mm. Coefficient of overall heat transmission Cg at the 
to The relation of apressure p becomes like drawin g 5 . clearer than drawing - as - pressure ™™-^J^£ 
micrometers - Cg being hardly different between helium and Ar according to several 1 - receiving - d- 0.5mm a case - the 
same pressure -Cgl figure is also known by that values differ according to several 2. 

[0013] Although an electrostatic adsorption side has a minute crevice by surface roughness between a wafer and a ^ stege in 
drawing , the crevice follows eye a minute hatchet, a coefficient of overall heat transmission follows several 1 , it s helium and 
Ar and a c oefficient of overall heat transmission is hardly different. On the other hand since a coefficient of overall hea 
transmission is large and the portion which enlarged the crevice changes by hehum and Ar with level differences accordm to 
several 2 the temperature distribution of a wafer change with the mixing ratios of helium and Ar luce drawing 3 . Therefore, ,f it 
is made to become almost uniform temperature distribution when a mixing ratio is 1:1, by changing a mixing ratio the 
circumference can make it higher temperature distribution, or a core can make it higher temperature ^distribution .Moreover even 
if how changes by change of plasma, it can be made uniform temperature distribution by changing me mixing ratio of gas. [ the 
heat to a wafer ] Like helium and Ar, although the gas to be used has a good combination of the gas of high temperature 
conductivity, and the gas of low-fever conductivity, it is not limited to two sorts of especially these combination. 
r00141 Other examples of this invention are shown in drawing 6 . In the example shown in drawing 1, control of not much fine 
temperature distribution is impossible. In the example shown in drawing 6 , between a processed material and stages is divided 
inZwo or more fields, and the supply line and eccrisis line of gas are prepared in each field. By controlling the pressure of these 
fields separately, the coefficient of overall heat transmission between a processed material and a stage can be changed fee whole 
field and the temperature distribution of a processed material can be changed arbitrarily. Drawing 7 is drawing which looked at 
the stage shown by drawing 6 from the upper surface. The temperature distribution of a processed material can be equalized by 
forming the sensor which detects the temperature of a processed material in each field like the example shown in drawing 6 , 
feeding back the temperature of the processed material measured by the sensor, and controlling the pressure of each field. 
r00151 The example of further others of this invention is shown in drawing 8 . combining between each field like drawing 8 in 
die passage through the bulb etc. in which conductance adjustment is possible, although the supply line and eccnsis line of gas 
were prepared for every field in the example shown in drawing 6 - the number of supply and eccnsis lines - a knife - 
made In drawings , although gas exists, since the pressure of the whole passage becomes equal when there is no flow, every 
field of me coeffici ent of overall heat transmission between a processed material and a stage is almost equal. However when it 
turned on the line 1 supply-side, the line 2 was made into the eccrisis side and gas is passed, die pressure by the side of a line 1 
becomes high. The distribution of the pressure at this time is controllable by the opening of the flow rate of gas and the bulb 
between passage. (However, however it may adjust, the pressure of the field by the side of supply will become the highest) 
Thereby the coefficient of overall heat transmission between a processed material and a stage becomes large in the center 
section Conversely, if it turns on a line 2 supply-side and a line 1 is made into an eccrisis side, it will 

distribution and the coefficient of overall heat transmission between a processed material and a stage will become large by the 
periphery. 

[Effect of the Invention] According to this invention, uniform heating cooling of a processed material can be realized and a more 
detailed and highly efficient semiconductor can be manufactured now by making wafer temperature uniform m a semiconductor 

process. 
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